Quarkonia in a deconfined gluonic plasma 
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' Abstract. We discuss lattice results on the properties of finite momentum charmonium states in 

, a gluonic plasma. We also present preliminary results for bottomonium correlators and spectral 

functions in the plasma. Significant modifications of Xto i states are seen at temperatures of 1.5 Tc. 
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Following the suggestion of Matsui and Satz ^ that J/\}/ can act as a probe of 
^ ■ deconfinement, heavy quarkonia in the context of relativistic heavy ion collisions have 

(N . been extensively studied both theoretically and experimentally. Early, potential model 

based studies indicated that all charmonium bound states dissolve by temperatures ~ 
1.1 Tc 10] ■ But direct lattice studies over last few years have concluded that while the 
O . excited Xc states dissolve quite early in the plasma O, the IS states J/y, rjc survive till 

^ i quite high temperatures [|3|,|4i], at least in a purely gluonic plasma K It has recently been 

claimed [6] that the observed 7/i// suppression in SPS and in RHIC is consistent with 

■ suppression of only the secondary //i// from excited state decays, in accordance with 
' ! the lattice results. 

Q I For understanding the mechanism of charmonia dissolution, as well as for phe- 

^ ■ nomenological purposes, it is important also to know the effect of the plasma on a bound 

state in motion with respect to the plasma rest frame. This problem can be studied di- 
K/i ; rectly on lattice, in ways similar to that of the bound states at rest [t"]. We look at the 

■ momentum-projected Matsubara correlators 

G(T,;J,r) =£e'>^-^^(7^(T,f)7i(0,0))r (1) 

X 

where Jh is a suitable mesonic operator, p the spatial momentum, T is the temperature of 
the gluonic plasma and the Euclidean time T G [0, l/T). Through analytic continuation, 
the Matsubara correlator can be related to the hadronic spectral function by an integral 
equation: 

^/ - / ^ ^^ C0Sh(£t)(T-l/2r)) 

Jo smh(ft)/2r) 



Naively, one would not expect a much earlier dissolution due to dynamical quarks. A recent study in 
2-flavor QCD fsl supports this expectation. 



The IS charmonia r\c,J sX rest undergo very little significant modification till tem- 
peratures of 1.5 Tc. However, the finite momentum correlators G(T,p, T) show signifi- 
cant temperature dependence even earlier. Medium modifications become stronger with 
increasing momentum. For p ~ 1 GeV, significant modifications of the correlator are al- 
ready seen at 1.1 Tc. The spectral function a((D,p, T), extracted from G{x,p, T), shows 
a clear peak also at high momenta, but it is significantly modified from the zero temper- 
ature peak. Physically this can be understood as follows. A charmonium state moving in 
the plasma frame "sees" more energetic gluons, leading to an increase in its coUisional 
width. An in-medium change of the energy-momentum dispersion relation is also possi- 
ble. Due to paucity of space, we refer to Ref. UJ for further discussion of this, and turn 
here to bottomonia instead. 

The Tjj peak in the dilepton channel will be accessible to both RHIC and LHC, 
and may produce cleaner setups for plasma-related modifications since normal nuclear 
modifications for bottomonia are expected to be small. On the other hand, the IS states 
T^, and rjh are very tightly bound and even the potential model calculations estimated a 
very high dissolution temperature for them The behavior of IP bottomonia is less 
clear: while the potential models predict a dissolution temperature close to Tc 10], they 
also suggest a size similar to the IS charmonia for these states and therefore one may 
expect a similar dissolution temperature [2]. A recent study [9], on the other hand, has 
found modifications of Xb close to Tc, unlike rjb- More than 40% of the total T^, seen in 
hadronic collisions come from decay of excited bottomonia, and an early dissolution or 
strong modification of Xb will modify this contribution significantly. 
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FIGURE 1. (a) G(t, r)/Giecon(T, T) for hysb and bbatp^ 0. (b) Spectral function constructed from 
G(t, r) using maximum entropy method. 

We studied bottomonia in gluonic medium following the same methods used for 
the charmonia study in Ref. BJ], and on the finest set of lattices used there. These 
lattices have a cutoff a^^ = 9.72 GeV, which is somewhat coarse for bottomonia ^. 
This, therefore, should only be taken as a pilot study. We studied zero momentum 



^ Ref. j^, uses an anisotropic lattice which is slightly finer in time, a, ' = 10.89 GeV, but considerably 
coarser in space, a^^ = 2.72 GeV. It also uses a different action, so the cutoff effects should be different. 



projected bTb (point-point) correlators, where T = 75,7;, 1 and jiYs for lb:^h:Xbo ^^'^ 
Xbi , respectively. 

We extract a{(0, T) from G(t, T) using the "Maximum Entropy Method" ||8|], where 
the inversion of Eq. Q is turned into a well-defined problem of finding the most prob- 
able spectral function given data and prior information for o{(0,T). Also very useful 
and robust conclusions of possible change of state with deconfinement can be obtained 
by comparing the correlators measured above Tc with Grecon.r*('Z^7 T), correlators recon- 
structed from the spectral function obtained at the smallest temperature below Tc (see 
Ref. Jsl] for details of our analysis method). If the spectral function is not modified with 
temperature, G(t, r)/Grecon.r*('Z^, 7") = 1. A comparison of the measured correlators in 
the pseudoscalar and scalar channels with the reconstructed correlators is shown in Fig. 
[Tfa). G(t, r) for the pseudoscalar shows no significant modification for temperatures 
upto 2.25 Tc, indicating that r\h is essentially unmodified at these temperatures. The 
scalar correlator, on the other hand, shows large changes at long distances already at 1.5 
Tc. The modification pattern in Fig.llla) is somewhat different from that seen in scalar 
charmonia, where the medium effect was seen to have set in at smaller distances and 
less abruptly. 

Figure in a) shows qualitatively similar trend as in Ref. |9], but the deviation of the 
scalar correlator seen by us is much smaller than that seen in Ref. [9]. This could be due 
to the use of anisotropic lattice in J^. Figure [Ttb) shows a comparison of the ground 
state peaks at 0.9 Tc and 1.5 Tc for the pseudoscalar (left) and scalar (right) channels. 
Plotted here is the dimensionless quantity p((0, T) = C7((0, T) jd?-. As expected, the 77^ 
peak shows no significant modification at 1.5 Tc. The Xi,^ peak, on the other hand, shows 
significant deviation, with a possible shift and broadening. The T^, and show similar 
trends to r\i, and respectively. It will be interesting to further study the modification 
of the Xi, peak, both in terms of the nature of the modification and its behavior at 
temperatures closer to Tc. 
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